INTRODUCTION
============

The career of soldiers in military organizations is characterized by an initial course during which they are called recruits and pass through a period of military adaptation, later being called soldiers. The recruits are prepared for a military career, ensuring the safety of military organizations and society. Within this context, they must be physically fit to be able to perform the missions imposed ([@b4-ijes-10-04-560]). The Brazilian Army has a Military Physical Training Manual - C 20-20, whose purpose is to standardize the technical foundations, provide the desired knowledge, and establish procedures for planning, coordination, conduction, and execution of physical activity, this manual is also used as a beacon in the military ([@b2-ijes-10-04-560]).

Body composition and physical fitness are associated with greater physical performance and a lower risk of health problems. Military activities are characterized as having a high physical and psychological load; physical fitness and body composition have an adverse effect on military performance ([@b21-ijes-10-04-560]). Previous studies report that military physical training promotes positive biological adaptations in increasing power and muscular endurance ([@b10-ijes-10-04-560], [@b12-ijes-10-04-560], [@b23-ijes-10-04-560]), reducing body fat ([@b13-ijes-10-04-560], [@b14-ijes-10-04-560]) and increasing cardiorespiratory fitness ([@b8-ijes-10-04-560], [@b15-ijes-10-04-560]). Naghii ([@b16-ijes-10-04-560]) states that fat-free muscle mass is an important variable related to operational physical performance in different military tasks. However, research studies on the morphological and physical fitness changes based on the fitness of the Brazilian army manual are little known.

Due to the lack of studies investigating the development of organic and neuromuscular capabilities in military recruits submitted to the Brazilian army manual, specifically the C 20-20 program, the aim of this study was to evaluate the morphological and functional adaptations in young military recruits after completion of twelve weeks of physical training. Our hypothesis was that this period of training would generate positive benefits on variables related to morphological behavior such as body weight, skinfold percentage, and physical fitness, such as sit-ups, upper limbs, and aerobic fitness in the military recruits.

METHODS
=======

Participants
------------

This study is classified as descriptive, monitoring the morphological and functional adaptations of young soldiers in a twelve-week training macrocycle. The sample consisted of 130 male recruits belonging to a unit of the Brazilian Air Force, aged 18 and 19 years. The sample was considered fit according to the initial military health inspection to which they were submitted, being non-smokers, and free of pharmacological treatments or any disturbances that could alter the results of the present research.

Data were collected with the subjects of the first group of soldiers performing the training course in 2016. The participants were informed of the study objectives and procedures by signing the consent form and were clear and free to discontinue participation at any time they wished. This study met the standards for conducting research on human subjects of the National Council of Brazilian Health and was approved by the local ethics committee n° 112/2015.

Protocol
--------

Anthropometric variables measured were height (meters), body mass (kg), skinfold thickness (triceps, suprailiac and abdomen - mm), circumferences (arm, waist, and hip - cm), body fat percentage, lean body mass, and fat body mass. All measurements were collected by two evaluators with a 2.2% acceptable error ([@b19-ijes-10-04-560]). To verify the percentage of body fat, the protocol proposed by Guedes ([@b6-ijes-10-04-560]) was applied to determine the body density, and the Siri equation to determine the percentage of body fat. Lean body mass (LBM) and fat mass (GCM) were calculated according to the following equations: MCM = body mass-GCM and MG = body mass × (% fat /100). According to the anthropometric results the body mass index was calculated (BMI = body weight / (height)^2^) and ratio of waist and hip circumference (WHR = waist circumference/hip circumference).

Data were collected in three functional tests: sit-ups (one minute), push-ups, and aerobic power test (12 minute protocol) according to the protocols proposed by the Brazilian Air Force ([@b3-ijes-10-04-560]). The 12-minute test was performed on the official athletic track of the military organization. The athletic track was marked every 10 meters to facilitate the measurement of the maximum distance achieved in the test. The values were recorded and the calculation was performed by V O2max = (maximum distance in meters − 504.9)/44.73 ([@b5-ijes-10-04-560]). The 12-minute test shows a moderate/high correlation with V O2max and is widely used in military organizations in Brazil due to ease of administration, low operating costs, and the possibility of a large number of people being evaluated at the same time ([@b7-ijes-10-04-560]), although this method has some specific exceptions ([@b9-ijes-10-04-560]).

The training period was based on the considerations described in the Brazilian Army Manual, used as a guide to military physical training in the Brazilian Armed Forces. After the initial test, the physical performance of the military recruits was verified, which allowed strategies to be traced and training to be periodized according to fitness levels. The proposed training was 12 weeks, totaling 32 sessions, distributed into cardiopulmonary and neuromuscular training sessions. [Table 1](#t1-ijes-10-04-560){ref-type="table"} represents the period of the study. In the physical training period, sessions were used involving short, medium and long runs (continuous and interval), stretching and localized exercises (e.g. push-ups, sit-ups, squat, single leg squat, basic plank, elbow plank, and jumping jacks). [Table 2](#t2-ijes-10-04-560){ref-type="table"} shows the distribution of the loads in this macrocycle.

Data Analysis
-------------

For exploratory analysis, we used descriptive statistics, and the data were processed as mean, standard deviation, and percentages of the variables under analysis. The data distribution was analyzed using the Shapiro-Wilk test, intending to identify the normal distribution of the data set. Analysis of data between the two moments (pre and post physical training) was performed through the Student t test, with a significance level of p \<0.05. Data were analyzed using SPSS 17.0 (SPSS Inc., Chicago, USA).

RESULTS
=======

All subjects in this study began and ended the proposed protocol. [Table 3](#t3-ijes-10-04-560){ref-type="table"} shows the results of the general parameters of the training period.

When comparing the anthropometric variables and body composition shown in [Table 4](#t4-ijes-10-04-560){ref-type="table"}, there were significant differences in height and skinfold variables (triceps, iliac, and abdominal). The majority of the variables demonstrated statistical differences; the sum of the three skinfolds, body fat percentage, fat mass, circumference (biceps and waist), waist-hip ratio (p\<0.01) and lean body mass (p\<0.05). No statistical differences were observed in body mass variables or hip circumference (p\>0.05).

In comparing the physical fitness and functional variables shown in [Table 5](#t5-ijes-10-04-560){ref-type="table"}, it was observed that there were significant differences in the variables sit-ups, push-ups, 12-minute test, relative V O2max, and absolute V O2max (p\<0.01).

DISCUSSION
==========

This study aimed to investigate the effects of a 12 week military physical training period. According to the results, the training caused benefits in body composition and physical fitness of young recruits. The manual of the Brazilian Army (C 20-20) is widespread in military organizations in order to outline the physical training of the military. However, few studies in the literature have investigated the effects of Brazilian military training, especially with regard to morphological composition. Although the influence of calorie consumption cannot be ruled out during the period, it is plausible that the increase in energy expenditure from the training volume conducted contributed to the reduction in body fat ([table 3](#t3-ijes-10-04-560){ref-type="table"}). In fact, the body composition values might be used to develop specific dietary interventions or to help create, optimize, and support training programs ([@b22-ijes-10-04-560]). Naghii ([@b16-ijes-10-04-560]) stated that body composition levels have a negative relationship with physical performance of military duties.

Importantly, in this study a decrease in muscle mass was not verified (in the present study there was a significant increase), when compared to previous studies ([@b11-ijes-10-04-560], [@b17-ijes-10-04-560]). One of the possible reasons for this fact lies in the duration of the present study (twelve weeks) compared to previous studies (less than eight weeks) and conducting exercises for muscular strength and endurance during the training macrocycle in the present study. More recently, a study analyzing thirteen weeks of military physical training, also did not verify a reduction in muscle mass ([@b1-ijes-10-04-560]).

Analyzing aspects related to physical fitness, there was a positive adaptation in push-ups (58%), sit-ups (41%), and relative V O2max (32%). In a recent study with a 21-week training period, Lemes et al., ([@b10-ijes-10-04-560]) analyzed the adaptations of military physical training and concluded that there was a lower improvement in the sit-up test (16%) and V O2max (13%) compared to the present study. One of the hypotheses for this difference was that in the present study there was a progressive increase in weekly training load, generating higher cardiorespiratory stress.

The improvement in physical fitness has been investigated in some studies. Pinheiro et al., ([@b20-ijes-10-04-560]) investigated the effects of aerobic training (intensity of 55 ± 3% and 72 ± 4% of V O2max) on the body composition of young soldiers after twelve weeks of training. According to the authors, there were no adjustments in the body composition of the military personnel. The authors reinforce the importance of aerobic training in the adaptation of body composition. Moraes et al., ([@b15-ijes-10-04-560]) analyzed the changes in aerobic capacity after completion of interval training over a six-week period, verifying changes in aerobic power, even though the frequency was only one session per week. Investigating thirteen weeks of training, Parmagnani et al., ([@b18-ijes-10-04-560]) showed that specific aerobic training was effective in relation to cardiorespiratory parameters as the V O2max values increased significantly in a group of firefighters. Similarly, Vieira et al., ([@b24-ijes-10-04-560]) evaluated the effects of eight weeks of Military Physical Training in Brazilian Army individuals and despite the improvement in running performance in the 12-minute test, reported that the military physical training was not enough to improve cardiovascular indicators.

This study has some limitations. One limitation relates to the control of caloric intake of the volunteers during the twelve weeks. Thus, it is not possible to attribute the reductions in body fat exclusively to the program. However, we should highlight that all the individuals were in the internship phase during the intervention, and the food routine was, for everyone: breakfast, lunch, fruit, dinner, and a snack. Another limitation was not including a control group, the reason for this being that all military personnel are required to participate in the physical training protocol.

The data from this study suggest that physical training carried out based on the Brazilian army manual causes alterations in morphological and physical fitness. The results support the hypothesis that the twelve-week periodized physical training is a factor in chronic adaptations in body composition and physical fitness of the military. In addition, it reinforces the idea that testing using low cost, easy to understand protocols can enable large-scale monitoring projects of military physical training. Thus, it can be suggested that the application of this knowledge is important for the correct administration of physical training programs, in order to contribute to improvement in the physical fitness and quality of life of military personnel. Future research should address the guidelines of the Brazilian army manual, as well as analyze the calorie intake during the internship period with the aim of evaluating in a more specific way the changes in the body composition of the military.

###### 

Experimental design of this study.

  ----------------------------------------------------------------------------------------------------------------------
  Months         Start Test\   Period of training   Final Test\                                                     
                 March                              May                                                             
  -------------- ------------- -------------------- ------------- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ----
  Weeks          01            01                   02            03   04   05   06   07   08   09   10   11   12   13

  Sessions (n)   02            02                   02            02   03   02   02   02   03   03   03   03   05   02
  ----------------------------------------------------------------------------------------------------------------------

###### 

Percentage distribution of loads during the macrocycle.

  Physical capacity    March   April   May
  -------------------- ------- ------- ------
  Aerobic training     40 %    40 %    25 %
  Anaerobic training   30 %    35 %    25 %
  Strength             10 %    10 %    25 %
  Speed Agility        10 %    10 %    15 %
  Flexibility          10%     5 %     10 %

###### 

Values of the load carried out in the training macrocycle.

  General parameters                            Units - Days Sessions
  --------------------------------------------- -----------------------
  Training units (n)                            32
  Weeks of training (n)                         12
  Time of each training session -- mean (min)   90
  Total training volume (hs)                    38

###### 

Anthropometric results of the military recruits investigated.

                                Start Training   Final Training   *p*      t
  ----------------------------- ---------------- ---------------- -------- --------
  Weight (kg)                   67.47±10.18      66.96±9.23       \>0.05   1.837
  Height (cm)                   1.76±0.07        1.76±0.07        \>0.05   0.517
  BMI (kg/m^2^)                 21.86±2.93       21.84±2.65       \>0.05   0.215
  Tricipital skinfold (mm)      9.5±4.9          7.8±3.3          \<0.01   7.425
  Suprailiac skinfold (mm)      17.0±10.5        11.9±6.8         \<0.01   7.401
  Abdominal skinfold (mm)       15.8±10.4        13.9±8.5         \<0.01   3.872
  Sum of three skinfolds (mm)   42.3±25.4        33.5±17.3        \<0.01   7.794
  Body fat (%)                  14.0±7.2         11.6±6.1         \<0.01   8.124
  Lean mass (kg)                57.5±6.0         58.8±6.1         \<0.05   −2.397
  Fat free mass (kg)            9.9±6.4          8.1±5.1          \<0.01   7.828
  Arm Circumference (cm)        27.3±3.0         25.6±2.9         \<0.01   9.277
  Waist Circumference (cm)      75.0±7.4         72.7±6.1         \<0.01   5.722
  Hip Circumference (cm)        90.0±7.0         89.9±6.9         \>0.05   0.254
  Waist-Hip Ratio               0.83±0.05        0.81±0.05        \<0.01   5.052

###### 

Neuromuscular results and aerobic power of the military recruits investigated.

                                         Start Training   Final Training   P        t
  -------------------------------------- ---------------- ---------------- -------- ---------
  Push-ups (n)                           21.5±9.0         33.7±9.1         \<0.01   −17.062
  Sit-ups (n)                            35.1±8.5         49.8±7.6         \<0.01   −20.488
  12 Minute Test (meters)                2207±319         2756±217         \<0.01   −21.754
  Relative V̇O~2~max (l.kg^−1^.min^−1^)   38.1±7.1         50.3±4.9         \<0.01   −21.756
  Absolute V̇O~2~max (l.min^−1^)          2.5±0.5          3.4±0.5          \<0.01   −20.106
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